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OS  THE  LOW-1E/KL  STRUCTURE  OF  THE  TTFH0C2  ESt 


H— ’ ABSTRACT 

CO 

g-  Mean  soundings  are  presented  for  the  typhoon  eye  and  stora  circulation, 
• bjiBO'd  prinoipaily  on  dropaond*  data  taken  by  reoennnissancs  aircraft  flying 
at  th®  700-millibar  level.  Th®  vortical  distribution  of  temperature  and 
moisture  shewn  by  these  soundings,  and  visual  observations  made  in  the  eye* 
ar*  used  as  a basis  for  a qualitative  discussion  of  the  pattern  of  vertioal 
motion  in  the  eye. 


Introduction 

The  surface  teararature-rise  accompanying  the  arrival  of  the  calm  center 
of  a tropical  cyclone  is  occasionally  quite  marked*  Outstanding  examples  of 
this  phenomenon  have  been  discussed  by  Deppemann  (195?)  and  Tannehill  (1943). 

In  recent  years,  radiosonde  flights  .tad*  into  the  aye  of  nurri-anes  frost 
coastal  stations  in  the  United  States  (of.  Simpson*  194?*  Riehl,  1948)  have 
sheen  the  eye*  at  upper  levels,  to  be  warmer  than  the  outside  s to  ra-e ire « lotion. 

Recently,  U«  S,  Air  Force  typhoon-reconnaissance  aircraft  have  been 
making  routine  drop«ond*  observations  into  the  eyes  of  typhoons.  Some  nspeots 
of  eyt  struoture.  based  on  the  analysis  of  typhoon  soundings  take”  in  the 
western  Paoifio  during  1951*  will  be  presented  below.  Sinoe  most  of  the  soundings 
were  made  from  aircraft  flying  at  th*  TOC-ab  level,  th®  discussion  is  nsessssrily 
limited  to  the  lev-lev®!  portion  of  the  «y*. 

Observational  material 

Ail  available  drepsoade  and  aircraft  soundings  mad®  in  th®  ®yes  and  in 
the  storm  circulations  of  typhoons  of  the  1351  season  have  been  used  in  this 
study.  A total  of  46  Hounding*  was  used;  nine  of  these  were  mad®  by  th® 
aircraft  in  asoent  or  descent.  Thirty-five  of  th®  sounding*  war#  mad*  in 
typhoon  eye*,  and  ten  is  atom  circulations  from  100  to  400  km  from  the 
typhoon  center*  Th*  sounding*  were  taken  in  ®ight  typhoons,  located  over  a 
l*«m  exp-are*  of  the  western  Pacific  between  *.0®f  *”d  5?-°% . and  345°F  end 
ll5Tt«  Ther*  were  soundings  made  is  every  month  f.  uu^y  to  December.  Th* 
eentrel  pressure  of  the  typhoons  ranged  from  900  to  995  mb, 

Ther®  i*  litcle  chance  ‘ihat  any  cf  the  eye  soundings  left  ch®  eye  before 
reaching  the  surfaces  Th#  flight  level  was  usually  near  700  mb,  and  in  all 
saee*  the  eve  dlanoter  war-  in  excess  of  10  ai  at  the  time  of  the  dropsonde 
>heervsticn»  These  typhoons  mowed  three  miles,  at  the  most,  during  the  tan 
minute-  -r  less  taken  by  trie  drop-ssnd«  descent. 

The  instruments’  aiil ioxltxea  involved  in  asking  both  the  dropsonde  and 
air  craft  observation*  a re  grew.  Errors  are  undoubtedly  frequent.  Consequently, 


for  the  most  part,  tr.e  date  have  b««n  cent  ins  d into  wn  soundings.  Th* 
significance  of  the  cospo.it*  sounding*  is  not  nearly  to  dependent  upon  th* 
aeouraey  of  the  measurement* , provided  th#  errors  ere  random. 

It  has  been  possible  to  attuce  quelitetive  o hacks  an  th*  reliability  of 
th*  reported  temper  stares  end  the  resulting  lapse-rates.  toss*  inolude  the 
<«letivel7  oo  ns  tent  tenpsreture  of  th*  ocean,  th*  well-known  moist'-edteoetlo 
lepe*  ret*  in  the  rein. area  of  th*  storm  which  extends  upwerd  from  ths  oioed 
be*#*,  esd  the  dryadiabntio  ret*  in  th*  sub-cloud  layer.  Th*  only  oheok 

for  the  moisture  *«».  ths  rsletion  between  th*  magnitude  of  th*  teaperature- 
dew-point  difference  end  the  degree  of  etebility  usually  observed  in  the 
presenee  of  vsrtiool  ration > i.e.,  saturation  with  oriat-adiabatio  lapse  rates 
end  large  dew-point  spreads  with  greet  etebility*  On  ths  basis  of  these 
chocks  it  appears  that  (e.)  there  *»<-«  no  systematio  errors  in  the  temperature 
measurement  of  the  dropsonda,  (b)  there  were  small  systematio  errors  in  the 
tea^eratar*  measurement  made  by  the  alroraft,  and  (o)  there  was  some  evidence 
that  ayateauatio  error*  may  have  been  present  ir.  th*  dew-point  measurement* 
parxieularly  in  those  measured  by  ths  airoreft. 

Th*  aircraft  temperature*,  leasursd  in  th#  storm  circulation,  i. *•.,  out- 
side th*  eye*  appear  to  be  too  low.  This  was  apparent  on  a large  proportion 
of  th#  soundings , sines  the  uppermost  observation  in  the  dropsonds  report- 
made  at  the  flight  level  by  th*  aircraft  instruments — introduced  an  appreoiabl* 
change  In  th*  lapse  rat*.  These  low  temperatures  reported  by  the  alroraft 
in  th*  stone  oireuiation  may  h*v=  r«  suited  from  the  large  amounts  of  liquid 
water  mhloh  arm  undoubtedly  enocunteiwd.  Liquid  water,  sinoe  it  is  incompressible, 
reduoes  th*  adiebatlo  heating  wnich  takes  place  about  the  thennamantsra  and 
their  houainge  Vo  means  are  available  to  oompenaats  for  the  effaot  of  tna 
water,  and  It  appears  that  th*  application  of  a full  adiebatlo  correction  in 
such  cases  ha*  resulted  in  temperatures  whioh  are  too  low,  psrhaps  by  as  muoh 
ss  1°  to  2°C.  Liquid  water  colder  than  the  air  and  the  effaot  of  evaporatior 
may  site  have  contributed  to  lower  dry-bulb  reading*.  Errors  mad*  at  the 
flight  level  haws  no  effect  on  the  temperatures  measured  by  th*  dropsonde, 
sines  all  checking  and  adjustment  of  ths  dropsonds  instrument  is  mads  on  ths 
ground  prior  to  the  flight: 

The  ai  rcraft  temporal  ore -measure msut;  -ode  in  ths  eye  appear  to  be  consistent 
with  the  dropsonde  tempereture-moaeureK-cts • 

The  aircraft  dew-point*  in  the  eye  appear  to  be  too  high  in  many  cases. 

Dry  air  was  rarely  reported  at  the  flight  lev*?.  Saturation  was  often  reported, 
even  though  th*  firei  dropsonde  level  below  th*  alroraft  showed  a dew-point 
spread  in  exoess  cf  S-^C.  Conversely,  th*  aircraft  dew-prints  in  the  storm 
circulation  appear  low  in  view  of  th*  ebaerved  lapse-rate,  which  approximated 
th*  moist  adl>oetlc  in  most  cases. 

Ths  drepsend*  coia^urs  measurement  la  alas  opss  to  some  dcubt.  In 
particular,  there  were  aye  soundings  which  reported  saturation  at  all  level* 
when  the  laps*  rate  was  more  stable  than  ths  moist  adisbatio. 

Mean  a oundin^a  for  tau  eye  and  atnry  olrou~*.t Ion 


All  available  sounding*  have  been  used  In  computing  mean  soundings  fca 
th*  #y*  (rig.  l)  and  th*  storm  (fig.  2).  Th#  Individual  soundings  were  plotted. 


pressure  -height  cur?  a*  were  drawn  „ and  the  temperature  and  dew  point  tabulated 
end  averaged  at  0.5-tos  internals  Iron  the  surface  upward*  It  has  been  necessary 
to  use  height  rather  than  pressure  as  tne  vertical  coordinate,  since  the  surface 
pressure  varied  over  such  a large  range.  For  example,  the  350-mb  height  varied 
from  1600  to  4600  ft  in  the  eyes  of  the  various  stoma*  Moist  adiabats  can 
be  entered  on  temperature -height  diagrams  only  for  particular  values  of 
pressure  and  temperature.  The  moist  adiabats  entered  on  figs.  1 and  2 have 
been  computed  with  use  of  the  mean,  surface  pressures  and  temperatures  of  the 
eye  and  storm-circulation  soundings  as  beginning  points. 

The  lapse  rate  in  the  eye  is  appreciably  more  stable  than  the  moist 
adiabatio  above  the  0.5 -icm  level  (fig.  l),  while  in  the  storm  the  lapse 
rate  is  slightly  greater  than,  the  moist  adiabatio  (fig.  2).  If  the  moist 
adiabat  shown  in  fig.  2 oould  have  been  computed  beginning  at  the  mean 
height  of  the  cloud  bases,  the  storm  circulation,  sounding  would  have  shown  less 
departure  from  moist-edif-ba-tic.  conditions. 

The  mean  sounding  for  the  eye  and  the  storm  circulation  and  the  mean 
hurricane-sounding  computed  by  S-hecht  (1946)  are  compared  in  fig.  3.  The 
greater  stability  and  the  warmer  temperatures  in  the  eye,  in  comparison  with 
those  of  the  storm  circulation,  are  quite  evident.  The  parallelism  between 
the  mean  storm  sounding  and  Schacht.!s  tae&n  sounding  is  quite  marked. 

Apparently  the  warmer  temperatures  over  the  Pacific  at  all  levels  result  from 
the  fact  that  mean  ocean-temperatures  are  warmer  in  the  Pacific  than  in  the 
Caribbean. 

The  tabulations  of  the  mean  storm-circulation  and  eye  temperatures,  and 
their  range  and  mean  deviation  at  Q06-fcn  intervals,  are  shown  In  table  1. 


Table  1.  Mean,  range  and  mean  deviation  of  temperature  at  0.6-km  height 

intervals  in  the  typhoon  eye 
and  storm  circulation. 


Mean 

Elevation 

Temperature 

Range 

deviation 

Eye 


Surface 

25. 7C 

24-29C 

1.0C 

O.S  to 

23.9 

22-23 

0.8 

1.0 

22.4 

18-29 

1.7 

1.5 

21.1 

18-28 

1.9 

2.0 

19.8 

16-26 

2.1 

2.5 

18.3 

14-25 

2.1 

Storm 

circulation 

Surfaoe 

-V  e 

24- Z SC 

1.0C 

0.5  km 

24.0 

23—26 

0.6 

1.0 

21.3 

20-22 

0.7 

1.6 

19.0 

18-21 

0.8 

2 *0 

16.6 

16-19 

0.8 

/ *1 

13.8 

12-16 

1.0 

3.0 

10.  T 

09-13 

1.5 

T £»  cesftll«r  range  and  naan  deviation  above  1 3o»  in  the  atom  circulation,  in 
comparison  with  th*  eye,  indicate  a greater  homogeneity  of  the  air  outside  the 
aya*  It  ie  aleo  noteworthy  that  the  surface-temperature  range  and  mean 
deviation  are  the  same  in  the  storm  circulation  and  in  the  eye. 

Mean  moisture 

The  daw-point  curves  of  figs.  1 and  2 are  very  difficult  to  interpret. 

First,  the  daw  point*  in  the  eye  not  only  appear  high  in  relation  to  the 
stable  lapse-rate,  but  are  even  higher  at  most  levels  than  those  of  the 
storm  circulation.  Secondly,  the  mean  atom-oiroulation  dew-points  depart 
appreoiably  fro®  saturation,  despite  a nearly  moist-adiabatic  lapse  rate. 

The  individual  soundings  taken  in  the  eye  were  for  the  moat  part  either 
very  dry  or  nearly  saturated,  with  very  few  of  the  dew-point  curves  bearing 
any  resemblance  to  the  mean  curve.  These  eye  soundings  may  be  as  co  unted  for 
by  the  foot  that  scattered  to  broken  stratooujBui'.us  or  ou&ulut , with  tops  to 
£000-8000  ft,  were  usually  reported  in  the  eye.  The  difference  between  the 
moist  and  dry  soundings  may  have  been  largely  determined  by  whether  the  dropsonde 
descended  in  a cloud  or  in  the  clear  spaoes  between  clouds.  On  Individual 
soundings,  the  variations  of  lapse  rate  and  dew  point  were,  in  general,  in 
tha  right  sense,  with  the  lowest  dew-points  shown  in  the  most  stable  soundings 
and  the  highest  dew-points  when  the  lapse  rate  approached  the  moist  adiabatic. 
The  acceptance  of  the.  high  dew-points  in  the  eye,  in  the  seen,  requires  an 
eye  structure  at  low  levels  quite  different  from  that  o.din&rily  assumed. 
However,  on  the  basis  of  oloudinees  in  the  eyer  discussed  below,  it  appears 
that  lateral  mixing  across  the  eye  boundary  is  ordinarily  active  and  that 
a well-defined  eye  boundary  ie  seldom  found.  Even  in  the  presence  of  lateral 
sdxing,  lowering  of  the  der  point  in  the  eye  should  be  observed,  particularly 
at  upper  levels.  This  difficulty  can  be  resolved  by  rejecting  the  storm- 
oiroulatioo  dew-points  shown  by  fig.  2 and  by  assuming  saturation  in  tha 
storm,  so  that  the  dew  pointe  would  be  given  olosely  by  the  temperature 
curve.  The  storm-circulation  dew-pointa  are  rejected  in  favor  of  the  eye 
dew-points  because  six  of  the  ten  s-runding-s  in  the  storm  circulation  wero 
made  by  aircraft  and  because  of  their  large  departure  froc  saturation. 

Kye  sounding  of  15  August 

There  vaa  only  one  oye  d-opsonde-ob*ervat.icn  available  whioh  extended 
muoh  above  the  7 00 -mb  level.  The  observation  was  made  at  0200  GCT  16  August, 
in  the  eye  of  s typhoon  located  at  approximately  20°H,  156°E.  This  sound- 
ing (fig.  4),  taken.  about  the  time  tha  storm  reached  its  lowest  reported 
pressure  of  900  mbAt  shows  a remarkably  wari a temperature  of  16CC  at  the  600- 
ab  level.  The  surface  temperature , the  low-lev-1  iaprs  rate  end  moisture, 
and  the  correlation  between  dew-point  spread  and  laps*  rata  all  appear  quite 
reasonable • The  eye  was  raported  to  have  beep  filled  with  irtratocusrulus 
with  tops  to  6000  ft,  and  clear  above.  This  la  one  of  the  few  oases  during 
1961  in  which  middle  and  high  clouds  were  reported  to  have  been  completely 


^ There  is  no  a priori  reason  for  questioning  the  accuracy  of  this 
central  pressure.  Other  drop 3 or.de a , taken  August  14,  16  and  IS,  reported 
surface  pressure®  of  922,  908  and  925  mb,  respectively. 
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absent  from  the  aye . 

Starting  with  this  warm  temperature  and  low  height  at  500  21b,  one  might 
ask  if  the  structure  of  the  upper  troposphere  00-id  be  consistent  with  the 
following  conditional  (a)  that  3.  nearly  dry-adiabatic  lapse  rat*  exists 
for  some  distance  above  the  500 -mb  level*  so  that  the  500-cfo  temperature  could 
be  accounted  for  by  dry-adiabatic  descent*  and  (b)  that  the  cyolonio 
oi*-«ulation  of  the  typhoon  disappears  in  the  upper  troposphere  as*  in  general* 
all  available  evidence  indicates.  A calculation  wioh  use  of  upper-air  data 
taken  on  14  and  15  August  at  Guam,  located  about  1000  km  southeast  of  the 
storm  center*  was  oarried  out  by  assuming  the  100-mb  height  over  the  storm 
center  to  be  the  same  as  that  at  Guam.  Using  the  Guam  iOC-sab  height  of 
£4,500  ft  and  the  measured  500-mb  height  of  16*900  ft  in  the  eye,  one  finds 
the  resulting  lapse-rate  to  have  been  fairly  close  to  the  dry  adiabatio* 

•ibout  8°C  per  1000  a.}  the  500-100-mb  mean  temperature  was  about  -31°C*  sued 
the  ICG-cb  temperature  was  in  the  vicinity  of  -75°C.  The  500-mb  temperature 
shown  by  fig.  4 would  have  required  dry-adiabatio  descent  from  about  the 
200-mb  level.  3lnee  this  computation  has  given  reasonable  values,  no  reason 
is  seen  for  discrediting  the  600-»b  eye  temperature  of  16°C. 

Visual  aspects  of  the  typhoon  eye 

The  flight  weather  •■report  3 made  from  the  eye  ana  the  post-flight 
summaries  usually  give  a verbal  account  of  weather  conditions  encountered 
in  the  eye.  These  reports  usually  give  the  size  and  shape  of  the  eye, 2 
the  amount  and  type  of  cloudiness*  and  occasionally  additional  information 
suoh  as  -the  state  of  the  sea,  turbulence,  eto.  These  reports  are  not 
particularly  amenable  to  statistical  evaluation,  since  the  same  items  are 
not  aiwaya  reported  and  since  the  inclination  ie  always  toward  reporting 
tha  unusual  phenomena.  However-  estimates  of  the  site  of  the  eye  and 
description*  of  cloudiness  were  made  with  sufficient  regularity  that  the** 
data  ar*  summarised  in  the  following  paragraphs. 

The  cloud  observations  taken  during  20  typhoon-iays  have  been 
summarised.  Two  or  more  observations  were  made  on  some  of  the  days. 

So  observations  made  during  these  20  days  showed  the  eye  clear  of 
clouds  at  the  lower  levels.  Cumulus  or  stratocumulus , with  tops  to 
6000-8000  ft,  ware  usually  reported.  The  eye  was  reported  compl  etely 
clear  above  the  flight  level  on  only  four  out  of  the  20  days.  An 
upper  overcast  was  reported  or  15  days*  eight  of  the  overcasts  were  of 
middle,  and  five  were  of  high  clo'-’de.  The  middle-cloud  overcasts 
were  usually  thin  eltostratus  at  height*  of  10,000-14,000  ft.  The 
eye  boundary'  was  rarely  reported  as  a well-delineated  wall  of  cloudo 
The  ragged  and  ill-defined  eye  boundaries  which  were  often  reported 
are  taken  as  evidence  for  mixing  across  the  eye  boundary. 

The  reported  sise  of  the  eye  diameter,  shown  ty  46  individual 
reports,  varish  .jy**  ? to  ?5  mi . The  frequency  distribution  of  the 


2 

Throughout  this  section,  the  eye  is  assumed  to  be  that  indicated 
by  the  clouds.  It  has  been  pointed  out  by  l£r.  Robert-  C.  Gentry-  G.  S. 
Weather  Bureau,  that  often  the  cloud  eye  is  not  coincident  with  the 
wind  eye. 


*y*  diameters  it  shown  in  the  following  tabulation* 


Miles  Cases 

Less  than  16  6 
16-19  4 
20-24  6 
26-29  5 
50-54  7 
36-59  6 
40-44  9 
46  and  over  S 


These  data  are  eaggwhat  biased,  sinoe  th»v,  war*  sore  reports  on  some 
days  and  during  a oat*  typhoons  than  others.  There  were  five  reports  whioh 
stated  that  the  eye  was  markedly  non-ciroular • In  all  these  oases,  the 
major  axis  was  at  least  40  mi. 

It  is  undoubtedly  difficult  to  delineate  the  extent  of  the  eye  and 
to  estimate  the  eye  diameter  accurately Furthermore,  the  eye  is  continually 
undergoing  changes  in  shape  and  site.  Reports  made  a few  hours  apart  often 
showed  variations  of  the  eye  diameter  of  10-20  mi,  particularly  when  the 
eye  waa  large.  Ho  consistent  pattern  in  the  eye  site  as  a function  of 
the  life  oyole  of  the  storm  could  be  deteoted.  For  example,  one  typhoon, 

12-17  Asgust,  maintained  a fairly  constant  eye-diameter  of  30-50  mi; 
another,  27-31  July,  showed  a progressive  increase  from  10  to  50  aij  and 
another,  27-29  Ootober,  showed  a decrease  from  30  to  10  mi,  A soatter 
diagram  of  oentral  pressure  versus  eye  diameter  (fig,  5)  indicates  that 
no  good  correlation  exists  between  these  parameters,  However,  some 
slight  tendenoy  is  shown  for  the  larger  eye-diameters  to  be  associated 
with  the  lowest  oentral  pressures.  This  is  in  agreement  with  the  con- 
clusions of  Dunn  (1951)  in  regard  to  hurricanes, 

Qpnolualona 

The  data  presented  above  are  in  easement  with  the  typhoon  model 
advanced  by  fiiehl  (1951),  the  most  complete  one  yet  presented.  However, 
the  value  of  these  reconnaissance  data  in  testing  this  model  has  been 
greatly  limited  oy  the  fact  that,  for  the  most  part,  they  extend  only 
to  the  700-mb  level.  The  moist-adiabatic  lapse  rate  in  the  storm 
circulation,  resulting  from  the  adiabanio  ascent  of  the  air,  and  the 
stable  lapse-rate  in  the  eye,  resulting  from  sutcidaace,  both  required 
by  the  model  of  Riehl,  are  substantiated  (figs,  1 and  2),  This  model 
which  deals  with  the  larger-scale  features,  could  not  ue  expected  to 
account  for  ease  of  the  smaller- scale  features  of  th*  typhoon  eye 
shown  oy  this  atudy. 

The  descending  motion  in  the  eye  apparently  does  not  oxtend  to  the 
surface 3 but  often  as  low  as  1 ka.  This  conclusion  is  suggested  by  the 
height  of  the  stable  layer  cf  individual  soundings,  and  by  the  increase 
of  the  range  and  mean  deviation  of  the  temperature  and  potential  temperature 


It 

radar  was 


could  not  be  determined  from  the  reports  to  what  extent  aircraft 

used  in  arriving  at  the  eye  diemeter. 


between  0,5  au*d  1.0  km  (tables  1 and  2).  Inspection  of  soundings  show**?  that 


Table  2.  Mean,  range  end  os  an  deviation  of  potsnti&l 
temperature  at  0.5-ka  intervale  in  the 
typhoon  eye. 


Elevation 

Potential 

temperature 

Range 

Kean 

deviation 

Surface 

302. 7K 

1 Os* 
XlrV 

2.6C 

0.5  km 

305.7 

^ % 
ii 

2.7 

1.0 

309.2 

14 

3.5 

1.6 

312.8 

18 

3.6 

2.0 

316.8 

20 

3.6 

2.6 

319.6 

20 

3.8 

the  base  of  the  stable  eye-layer  was  generally  lower  in  the  deeper  stonae. 
This  correlation  between  the  height  of  the  base  of  the  stable  eye-layer 
and  the  central  pressure  of  the  storm  is  shown  by  fig.  6.  In  the  preparation 
of  this  figure*  heights  of  the  stable  layer  have  been  averaged  for  20-.mb 
intervals  of  the  central  pressure,  i.e.,  a mean  height  was  determined 
for  all  storms  with  central  pressures  between  900  and  919  mb,  920  and 
939  mb,  etc. 

Mo  oases  cl*  marked  surface  temperature— rise,  suen  as  those  presented 
by  Depperaann  and  Tannehlil,  were  noted.  However,  these  surface  temperature- 
rises,  all  of  which  oocurrsd  over  land,  pres.unably  oould  have  resulted 
from  the  extension  of  the  descending  motion  to  the  surface.  Conditions 
favorabls  for  the  breakdown  cf  the  shielding  layer,  which  separates  the 
descending  air  from  the  surface,  would  inolude  insolational  heating  over 
land  and  down-slope  motion  due  to  orography.  The  importance  of  those 
factors  in  explaining  the  observed  high  temperatures  has  been  stressed 
by  Deppermann  (1937). 

Presumably,  the  vertical  motion  In  the  cloud  areas  of  the  eye  is 
upward,  but  alternates  with  descending  motion  in  the  clear  areas  between 
clouds.  This  patiom  of  vertical  mixing  would  imply  large  variations 
in  the  temperature  and  potential  temperature,  associated  with  changes 
in  sign  o i the  vertical  motion.  The  range  and  mean  deviation  of  the 
temperature  and  potential  temperature  in  the  1.0-  to  2.5-km  region  were 
found  to  be  quits  large  (tables  1 and  2). 

The  soundings  the  visual  data  suggest  ths  following  pattern  of 
vertical  motion  for  the  wye»  (»}  subsidence  in  the  upper  regions, 
extending  through  a large  portion  of  the  troposphere  and  down  to  perhaps 
500-700  mb,  (b)  a sona  often  extending  nearly  to  the  surface  from  thie 
upper  level  in  which  vertical  and  lateral  mixing  takes  place  between 
tha  dry  aubsidtng  air  and  the  moist  air  brought  upward  and  inward  fro® 
tas  storm,  and  (e)  a shallow  moist  sub-cloud  layer  near  the  surface 
wher*  the  vertical  mixing  is  suppressed.  The  fact  that  the  surface  air 
in  iba  eye  and  the  stora  circulation  la  ao  homogeneous  suggests  that  a 
net  inflow  of  sir  probably  takas  place  across  the  ay*  boundary  near  the 
surface,  and  that  the  net  vertical  motion  in  the  sub-cloud  layer  is  upward. 


Ia  this  sehem*,  the  outrrtr d sizing  aoroae  the  eye  boundary,  required  from 
continuity  considerations , would  take  place  principally  in  the  airing  layer. 

It  la  difficult  to  estimate  the  magnitude  of  the  lateral  nixing  required 
for  the  transfer  of  adequate  moisture  into  the  eye.  If  thi*  mixing  transfers 
only  a negligible  amount  of  angular  momentum  into  the  eyej  such  that  it  can 
be  dissipated  by  weak  pressure  and  frictional  farces  * the  suggested  circulation 
scheme  appears  to  be  phyieally  realistio * If,  on  the  other  hand,  it  can  be 
shown  that  in  accomplishing  the  moisture  transfer  into  the  eye  an  appreciable 
amount  of  angular  momentum  is  added  to  the  air  inside  the  eye,  this  circulation 
soheme  would  appear  doubtful.  Since  this  question  cannot  be  answered  either 
way,  it  might  be  asked  whether  other  mechanisms  which  avoid  lateral  mixing 
across  the  eye  boundary  could  be  advanced  to  account  for  the  large  amount  of 
the  moisture  in  the  eye. 

At  least  two  alternative  hypotheses  whioh  avoid  lateral  mixing  could  be 
proposed,  but  neither  of  -tteee  appear  acceptable.  First,  it  oould  be  postulated 
that  the  oloudiness  can  be  xpiained  by  introducing  a shallow  slope  to  the 
eye  boundary,  such  that  the  s urface  eye  is  very  small  in  comparison  with 
the  aye  observed  at  the  flight  level.  In  fact,  it  might  be  postulated  that 

the  eye  need  not  extend  to  the  surface  at  all  times.  The  clouds  oould  be 

placed  below  the  eye  boundary  in  the  storm  circulation.  However,  there  is 

no  evidence  that  the  eye  ai?e  reported  by  ships  and  land  stations  is 

markedly  leas  than  that  reported  by  the  reconnaissance  aircraft.  In  a few 
cases,  the  aircraft  descended  through  the  low  clouds  in  the  eye  for  soundings. 
These  reports  make  no  mention  of  narrowing  of  the  eye  or  marked  changes  in 
the  sisd  below  the  clouds.  Secondly,  a steady  state  oondition  for  the  eye 
c&uid  be  postulated,  in  whioh  the  same  air  remain*  in  the  eye  and  the  clouds 
are  maintained  in  quasi-equilibrium  in  the  layer  below  the  stable  region 
by  the  continual  slew  transport  of  water  vapor  upward  from  the  ocean  by 
turbulence  and  diffusion.  Thi*  model  would  require  that  the  air  in  the 
sub-cloud  layer  of  the  eye  have  a resultant  velooity  equal  to  that  of  the 
storm.  The  literature  eives  no  evidence  that  the  wind  velooity  in  the  eye 
show*  any  persistent  direction.  Furthermore,  it  is  difficult  to  accept 
the  eve  in  such  a simple  state,  in  view  of  the  high  wind-speeds  end  strong 
turbulence  about  the  eye  and  the  highly  agitated  state  of  the  soa. 

These  hypotheses  arc  rejected,  end  the  model  advanced  for  the  eye,  based 
principally  upon  thsrac -dynamic  considerations , c*n  aocount  for  the  eye  moist- 
ture  by  lateral  mixing.  In  such  a model,  the  p’-obleas  of  the  momentum  transfer 
into  the  eye  remains  an  open  question.  This  scheme  differ*  from  those  previ- 
ously advanced  principally  in  the  degree  of  exchange  between  the  eye  and 
atom  circulation,  and  the  variable  extent  of  the  descending  motion  in  the 
eye. 
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Fig*  i.  Ccttcs  of  assn  tamperature 
T and  dew  point  re.  height  for  eye 
of  typhoon*  > jj  and  T*  are  dry-  and 
Koist—a  diabetic  lapse  rates,  respectively* 


Fig.  2.  Sees  as  fig.  2,  fcr  storm 
circulation  of  typhoon. 


Fig.  3*  Curves  -f  Mean  tempers  tare  rs. 
height  for  eye  (solid)  and  far  stem  ciy 

eolation  (da?b«d);  and  Sehaeht's  mean  hurri— 
can*  tei^raiure-surro  ( daa h*d ©t  he  d ) • 
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Fig.  h-  faphigraa  plot  af  drop-- 
sonde  observation  made  at  D2CfD  GOT 
1?  Auges  v l?5l  into  eys  of  typhoon 
near  20°I1,  236®!. 


Fig*  Plot  of  indiTidnsl  wspm4a  jf 
eye  disaster  vs»  car.h'al  pressure  of  typhoon. 


Fif*  -^»£s  of  has.#  of 

stable  eye.-  •layer'  »s,  soritrsi  r res grin? 
of  tyj*br*r«. 


